This paper presents a real time price based energy management system for DC microgrid. The DC distribution system is considered as a prospective system according to the increase of DC loads and DC output type distribution energy resources (DERs) such as photovoltaic (PV) systems, battery bank (BB), and hybrid car (HC). The control objective is to achieve the optimal cost of energy. The proposed control scheme is developed based on the source as well as load scheduling of the DC microgrid. The source scheduling algorithm is based on the selection of cheapest power source to supply the load of DC microgrid and achieve the optimal electricity price. The BB and HC charges in regular hours at the less electricity price to supply the future load during the higher electricity price of the public utility. The load scheduling algorithm shifts the deferrable load of the building from peak hours to the regular hours to obtain the lowest cost of energy for the building. The proposed scheme significantly decreases the peak demand, which is the main cause of load shedding. Dynamic simulation is presented to access the control performance with price fluctuations and robustness of the system.
Introduction
The control of the power quality becomes the big challenge, as there are too much fluctuation in the grid power and voltage because of the stochastic nature of the PV output power. The distributed generators (DGs) are the solution of these kinds of disturbances and fluctuations. DGs have many functions such as instantaneous reserve [1] , emergency supply, and pinnacle saving [2] . The services of DGs are such that they have the ability to power control of photovoltaic (PV) generators [3] . The electricity generation, based on distributed energy sources (DERs) such as PV, and the wind are not controllable because they depend on environmental conditions [4] . The power fluctuation in DC microgrid due to penetration of the DERs imposes to introduce the integration of the battery bank (BB) and capacitors with the DERs and loads to improve the power quality and reliability of the system [5, 6] . The most significant development in DC microgrid increased the utilization of batteries and electric vehicle (EV) as electric energy storage (ES) devices in the DC microgrid. A proper management of minimal utilization of the ES and maximum utilization of the PV is able to decrease the electricity cost for the consumers. The benefits and cost efficiency of EV depend on the charging activities of EV [7, 8] . The decentralized methods for EV charging are based on an electricity auction [9] , dual tariffs from the owner of EV in different regions, and sharing of energy cost [10] . The Dual tariff scheme is suitable only if there is no share of EV generation publically [11] . In centralized coordination method, the utility is used to charge the EV directly with the consideration of grid balancing and indirectly keeping the EV owner benefits in term to stop the charging in the peak hours. The time and rate of EV charging is decided by an aggregator [12] . It also acts as an interface between the EV and grid operators [13] . It provides the charging for considering the benefits on both sides, i. e. on the grid as well as consumer side or EV owner side [14] .
On the other hand the demand side management (DSM) can change the use of load quantitatively by implementing and planning for the utility or monitoring the consumer activities of load utilization. Load management and consumer side local generation are other tasks of the DSMs [15] . The DSM schemes are employed to use the available energy efficiently without installing new generation, transmission infrastructure [16] . The decentralized DSM mechanism to defragment of home loads is based on grid prices and utility companies offers the incentives to use the devices optimally [17] . The heuristic based evolutionary algorithm is used for day-ahead load shifting to reduce the peak demand and reshape the demand curve [18] . The DSM promotes distributed generation in order to avoid long-distance transport. The DSM facilitates the consumption of locally generated energy immediately whenever it is available for local loads [19] . The main advantage of DSM's, is that it has a less expensive nature to intelligently influence a load, have the ability to build a new power plant or install some electric storage device [20] .
In this paper a real-time electricity price based energy management (RTEPEM) system has been proposed for buildings. The RTEPEM is based on the management of both, source and load. The idea behind the optimization is: (a) the source management; by shifting the load from one source to another source as well getting the benefit of stored energy in the BB and hybrid car (HC) to get the minimum cost of energy, (b) load management; by scheduling their operating time of the deferrable load according to the consumer priority from peak hours to the regular hours.
In this paper two types of load control schemes have been considered in the building for comparative analysis; (a) Traditional control, i. e. the manual control (MC) scheme; the building appliances are controlled manually, (b) Automation control (AC) scheme; the building appliances are controlled automatically by supervisory control and data acquisition (SCADA) system. The building load are classified in two categories (a) critical load (CL) such as fan, bulbs, etc. (b) non critical load (NCL) such as water pump, washing machine, etc. On performing simulation, it is proved that in a case of the automation control scheme, the energy cost, and peak demand are significantly decreased as compared with traditional control for the loads. This paper is organized as: the description of a building configuration is explained in Section 2. The control parameters and action of the appliances are discussed in Section 3. A formulation is developed for the DC microgrid electricity sale price optimization in Section 4. The obtained results from simulation are discussed in Section 5 and the outcomes of the research are concluded in Section 6.
System configuration

Layout of DC microgrid
The schematic layout of the DC microgrid connected to PU, and distributed energy resources (DERs) included with DC building is shown in Figure 1 . The loads are connected to the control room of the DC microgrid via smart sensors. The computerized control of appliances and DERs has been set up to respond to electricity price of the DC microgrid. In the proposed RTEPEM system the consumer has to minimize their energy use in the time interval when the DC microgrid is under stress (i. e. high electricity price) due to high demand and low generation. It shifts some of their power use to the time interval when the DC microgrid is less stressed and the electricity price is low. It helps to reduce the DC microgrid stress, electricity price and electricity bill of the building as well. The proposed RTEPEM system renders the caliber to automatically turn 'ON/OFF' the appliances and keeps the track of the power sharing of PU, DER and energy use of specific appliances such as tracking the energy use of the air conditioner, refrigerator, and geyser. The level sensor LS-1 and LS-2 are used to measure the water level in the main tank and water purifier tank. The temperature sensors (TS-1, and TS-2) are installed to measure temperature in the bedroom and in living room respectively. The proximity sensors (PS-1, PS-2, PS-3, PS-4, PS-5 and PS-6) are used to detect the human presence in all the rooms excluding garage in the building. The control room consists of the remote terminal unit (RTU) and computer (SCADA system). The computer and RTU are connected via a RS-232 cable while the RTU is connected to the sensors and the electronics switches via a wireless network. The RTU collects the data from the smart sensors and send it to the control station. RTU also sends the control signal to activate the actuators to switch 'ON/OFF' the appliances. The power electronics interface (PES-1, PES-2, PES-3, PES-4 and PES-5) for DER has the ability to control the power disturbance in the DC microgrid. The power balance in the DC bus is balanced by power electronic switches (PESs) of PV panel-1, PV panel-2 and the PES of public utility. The BB and hybrid car (HC) improves the power quality by storing and the releasing the power to the DC bus. They also improve the reliability of the DC microgrid in the absence of the PV and PU.
DC microgrid price
The DC microgrid building is fed by the PV, PU and storage devices (BB and HC). The electricity prices of the PV, BB, and HC are considered static and different for each power source. The PV electricity sale price is calculated as Rs. 3.82 with the consideration of the capital cost Rs. 1, 00,0 00, life time of 20 years including with 300 sunny days. The round trip efficiency of the batteries is 85 %. The electricity price of PU varies with respect to time and most of the time it remains higher than the PV prices as shown in Figure 2 . The BB and HC charging price are considered as Rs. 3.82 per kWh. The discharging price is the function of charging price and its own efficiency and calculated as Rs. 4.39 per kWh. The HC is partial charged by the fuel generator of the HC so the electricity sale price of HC is Rs. 4.447 per kWh. The PV electricity sale prices are the lowest out of the entire power sources for the considered DC microgrid. So the PV power always fed to the DC microgrid without considering the electricity price of the DC microgrid. The power sharing of the HC, BB and the PU depends on the electricity price of the DC microgrid. The HC and BB start power feeding to the DC microgrid as the DC microgrid price is higher than the Rs. 4.39/kWh and Rs. 4.477/kWh respectively. While the HC and BB start charging as the electricity sale price in the DC microgrid is lower or equal to the Rs. 3.82/kWh. Similarly, the DC microgrid starts power fed to the PU, as the PU prices are higher than the DC microgrid price and start consumption if the PU prices are lower than the DC microgrid price. The real-time electricity price of the DC microgrid is the function of source power sharing with DC microgrid and the electricity sale price of source at each time instant. Therefore the DC microgrid electricity price can be expressed as:
where ζ m (t) is the real-time electricity price of the DC microgrid at time instant t, n p is the number of the power source, Ej(t) is the specific energy (kWh) feed-in by j th source, ζ j (t) is the energy cost of 1 kWh energy for the j th power source.
Power sources
PV Generator: The output power of the PV plant mainly depends on the irradiance level, and ambient temperature. The output power of the PV plant at the maximum power point (MPP) can be expressed as [14]:
where P pv is the output power of the PV plant at MPP, P pvst is the rated PV power at the MPP with standard test condition (STC), G irst is the irradiance level at STC, α st is the power temperature coefficient at MPP, T c is the PV cell temperature, N pvs and N pvp are the number of modules in series and parallel the composed the PV plant.
Public Utility: The PU is the power source for the DC microgrid. The PU can act as a source as well as the load. If the PU acts as source, then the PU power (P gs ) can be expressed as:
where ζ΄ sx , and ζ sx are the sale and buy electricity prices of x th ES. The ζ g is the electricity sale price for PU. The P L , P dg , and P ds are the powers of load, distributed generator and distributed sources respectively. n ds and n dg are the numbers of distributed source and distributed generator (PV panels). n a are the number of appliances in the microgrid, n m are the number of load (appliance and ES) connected to the microgrid (n m =n a +n es ), n es is the number of gradable ES (BB and HC).
If the PU acts as load, then the PU power (P gl ) can be expressed as:
The ES can act as a load if the PV generation is greater than the loads of the building or the PU prices are less than the ES buying price (ζ sx ). The x th ES power (P sx ) can be expressed as:
where P sx and P sxr are the measured charging and reference charging powers of x th ES, P my is the power consumption in y th load of the DC microgrid in s scenario.
The reference charging power of the x th ES can be expressed as:
where µ sx is the power rating of x th ES, V sx is the terminal voltage of x th ES and ψ sx is the state of charge (SOC) at time instant t. The SOC is the ratio of its present capacity (µ (t)) to the nominal capacity (µ n ) [21] . The SOC can be defined as:
The ΔP e is the difference of the sum of (n m -1) loads power (appliance and ES in s scenario) and sum of DGs output power. The ΔP e can be expressed as:
The ES behaves as a source for the following conditions:
where P sLx and P sxLr are the load demand and rated discharging reference power of x th ES, P dsk is the x th ES current, ζ΄ sx is the sale price of x th ES. The ΔP eL is the difference of output power of all (n ds -1) power source and building load demand and can be expressed as:
The ES (as source) rated discharging reference power (P sxLr ) can be expressed as:
Building load
The appliances of the residential and commercial buildings can be networked together to allow the consumer to access and operate with the real-time electricity price based energy management (RTEPEM) system. The loads are classified in two categories; (a) Critical load (CL) and (b) Non-critical load (NCL). Those appliances do not have energy storing ability such as light (CFL, LED), fan, exhaust fan, hair dryer, television, external modem, vacuum cleaner, the sandwich maker are called critical load. These loads are controlled by the operator manually, i. e. the control actions of these appliances are free from the electricity prices and the feedback to control the desired parameters. These appliances have the energy storable capacity belongs to the NCL category of the load. The NCLs are also classified in two categories; (a) cycle based load (CBL) like air conditioner, refrigerator, and (b) deferrable load (DL), which has a large energy storage capacity such as electric geyser, coffee-maker, washing machine, laptop, cell phone, hybrid vehicle, and submersible and water purifier. The operating time of the deferrable load can be scheduled from peak hours to regular hours, i. e. high to low electricity price of the DC microgrid. The control actions of these appliances respond to electricity price of the DC microgrid to abstain the use of energy during a time interval of peak demand (i. e. high electricity price).
The CBLs, such as air conditioner might extend their cycle time slightly ('OFF' time) to reduce the load on the DC microgrid during the peak hours, which is not observable to the consumer. Similarly, a refrigerator could defer the defrost cycle until off peak hours. The NCL appliances also consider the consumer controls to override the automated controls. For example, the consumer wants to switch 'ON' the geyser regardless the electricity sale price of microgrid; he/she will be able to do so.
Control algorithm
The control algorithm of the source and load scheduling is shown in Figure 3 . The proposed scheme shifts the load to the cheapest power source and charges the ES during the regular hours (i. e. low electricity price). Additionally, it schedules the deferrable load from peak hours to the regular hours and operates the cycle based load with 'control cycle' during peak hours. The PV feed the maximum power to the DC microgrid irrespective to the electricity price at different time instant. The battery remains in the charging mode (act as a load) if the PU electricity price is lower than the buying price of the BB, the PV and PU balance the DC microgrid demand in this scenario. As the PU price is higher than the ES sale price, the ES starts discharging (act as a source). Therefore the DC microgrid demand is balanced by PV and ES while the surplus power is feed in the PU. Additionally, if the demand is higher than the PV and ES capacity, the surplus demand is balanced by the PU (act as a source). The load management is responsible to control the cycle based load and deferrable load. When the electricity price of the DC microgrid is lower or equal to the set price for the appliances than the cycle based load (CBL) operates with the regular cycle and the deferrable load (DFL) remains switch 'ON' with the control parameters. When the electricity price of the DC microgrid is higher than the set price for the appliances then the CBL operates with the control cycle (small 'ON' time) and the DFL remains switch 'OFF'.
Formulation of optimized scheduling of microgrid
The objective of the optimization is to minimize the electricity bill of the building in grid-connected mode and island mode. This objective can be achieved by minimizing the following defined objective function:
where F is the electricity bill for the building to be minimized, T is the scheduling horizon of the optimization, τ h is the optimize time step 1 min, ζ g and ζ m are the sale electricity prices of PU and DC microgrid respectively, P pu is the power consumed from the PU, P m is the demand for other energy storage appliances (OESA). The first term in the objective function (12) expresses the cost of PU energy and the second term defines the cost of energy for OESAs smart power consumption. The DC microgrid has no power source to produce the emission, when DC microgrid feeds the power to the grid, then it helps in emission reduction. The optimization gives a solution to reduce the operating cost of DC microgrid by the utilization of the power of the cheaper source. The objective function given in eq. 12 is subjected to the constraints as follows:
The public utility power boundary constraint is as follows
where P pul and P puu are the lower and upper boundary of public utility power respectively. The electrical energy storage power boundary constraint is as follows
where P eesl and P eesu are the lower and upper boundary of electrical energy storage power respectively. The OESA power boundary constraint is as follows
where P oesal and P oesau are the lower and upper boundary of OESA power respectively. The DC bus power constraints of DC microgrid are as follows
The total energy requirement of deferrable load for the day-ahead scheduling is to be met and can be expressed by an equality constraint
where T def is the time that deferrable loads are available to finish their task or to store the energy for future use, P def is the demand of deferrable loads, E def is the total energy forecast of deferrable loads for the day-ahead scheduling.
Simulation results
The simulation performed in this paper is performed using a personal computer based on Intel ® , Core TM i5-3320 M CPU 2.6 GHz, 4 GB RAM with Microsoft Windows 7 Professional Edition 64-bit operating system. In order to test the proposed real-time price based energy management system and its effectiveness, a public utility tied DC microgrid includes photovoltaic plant, lead-acid battery bank and hybrid car and other energy storage appliances like geyser, and laptop etc is applied. The AC-DC converter of public utility is responsible for the power balancing in the DC microgrid. The PV power collected from the PV plant in a typical day is plotted in Figure 4 The PU prices and the PV generation are varying with time. It forces to divide the day in the six different scenarios (mode) to demonstrate the effectiveness of the proposed framework for the analysis.
Mode I -PU and ES as Source: During dark periods of the night, the PV power is zero and the DC microgrid is assumed to be connected with the PU. As a consequence between 00:00-3:24 h, the PU prices are varying between Rs. 4.8 to 4.6 per kWh and BB prices are Rs. 4.39 per kWh. Therefore BB feeds rated power to the DC microgrid. Since the building demand is higher than the BB load sharing capacity; the alternative source is PU in this scenario. Henceforth during this time interval, the deficit load is provided by the PU. The power equation for this mode can be expressed as:
where P Ly is the demand of y th appliance, P dek and P pu are the power supplied by k th ES and PU respectively, n e is the number of ES for s scenario.
Mode II-PU as Source and ES as Load: During dark periods in the night, the PV system is not capable of producing electricity and the DC microgrid is assumed to be connected from the PU. As consequence between 03:44:4:43 h and 05:15-6:43 h, the PU prices remain less than Rs. 3.82 per kWh, So the PU behaves as the source and ES (BB and HC) behaves as a load with the building appliances as shown in Figure 5 . The BB and HC are charged with the rated power for a different instant of this mode as shown in Figure 6 and Figure 7 respectively. The PU supplies the complete load of the DC microgrid and the DC microgrid prices remain same as PU prices during this scenario as shown in Figure 8 . The power equation for this mode can be expressed as: 
Mode III-PV, PU and ES as Source:
During early morning periods in the day, the PV system is generating small power and not able to supply the complete demand of the DC microgrid. Furthermore, PU prices are varying between Rs. 6.7-6.8 per kWh as shown in Figure 2 . Further, the ES is discharging with its own rated capacity, but the DC microgrid demand is higher than the submission of the PV and ES during 08:54-09:14 h and 08:58-09:05 h with manual control and automatic control schemes for load respectively. The PU is a costly power source during this time interval, the PV and ES feed the rated power to the DC microgrid and only surplus load demand of the building is balanced by the PU in this time interval. The DC microgrid prices are the function of power sharing and the electricity sale prices of all power sources and varying between Rs. 4.8-5.34 kWh and Rs. 5.65-4.8 kWh with manual control and automatic control schemes of load respectively. The power expression for this mode can be expressed as:
where n ds is the number of distributed source (i.e, PV and ES), P dsk is the output power of k th source.
Mode IV -PV and ES as Source:
In the evening time of the day, the PV output power has been decreased from 1.89 kW-0.38 kW during 18:55-19:33 h as shown in Figure 4 . On the other hand, the PU price is remaining approximately Rs. 6.8/kWh during this time interval, it means the PU is the most costly power source in this time interval. So the system selects BB as a source at time instant 18:55 h and 19:06 h with manual control and automatic control scheme of load. Because BB is acting as a source, the load sharing capacity of the BB will decrease continuously as per (12). So the system selects HC as another source at time instant 19:23 h and 19:24 h with manual control and automatic control scheme. The DC microgrid prices are changing with the variation in the ratio of ES and PV power for manual control and automatic control scheme respectively. The power equation can be expressed as:
Mode V -PU and ES as Load: As the day time increase, the PV generates the rated power. As a consequence, during 10:50-17:20 h most of the time PV output power is greater than the sum of building demand and ES power so the DC microgrid prices remain fixed at Rs. 3.82 kWh and load is supplied by the PV only. The surplus PV power is either stored in the ES or fed to the PU as per the variation in the PU prices as shown in Figure 5 , Figure 6 and Figure 7 . So the power expression for this mode can be expressed as:
where P pv is the sum of the PV panels output power s scenario.
Mode VI -ES as Source and PU as Load: During dark periods in the night, the PV power is zero and the DC microgrid is assumed to be connected from the PU. As consequence between 19: 23-19:48 h and 19:20-19:34 h the time interval with the automatic control scheme and manual control scheme, the PU prices are higher than the BB and HC electricity sale prices so the BB and HC act as a source and fed its rated power to the DC microgrid at different time instant of this mode. In this mode, when the load is less than the rated ES power (sum of BB and HC power), PU act as a load and consume the surplus power of the DC microgrid. During other time instants when the load is greater than the rated ES power, PU act as a source and feed surplus load of the building in order to balance the power in the DC microgrid. The power equation can be expressed as:
The building demand reached at the highest level 3.81 kW during 16:00-16:40 h and 16:46-17:30 h with automatic control scheme and supplied by the PV at the lowest electricity prices Rs. 3.82 per kWh of DC microgrid for the day. While the building demand with the manual control scheme is highest at 08:16-8:30 h and supplied by the PV and BB at the DC microgrid electricity prices Rs. 6.85-6.81 per kWh. During the PV connected mode, the building demand remains higher with the automatic control scheme as compared to the manual control scheme while the building demand remains lower with the automatic control scheme as compared to the manual control scheme during the PV outage time interval as shown in Figure 9 . It verifies that the building demand has been shifted from peak hour to the regular hours. 
Discussions
It is clear that the optimal scheduling of the NCL and the energy of BB, HC including with public utility provides significant benefits to all involved. There are many challenges have to be addressed when going to implement the system. One of them is the lack of the facility in the current BBs and EVs to give back energy to th*e grid [22] . Protection at the interconnection point is also an important issue. Both issues discussed above are based on hardware available in the market and their cost is not standardised as well as on batteries, the manufacturer will not provide any warranty [23] . If consumers like to purchase low cost batteries, they may suffer the inconvenience to replace the batteries more frequently [24] .
The building demand and energy sharing details of the power sources such as PV, BB, HC and PU for manual control and automatic control schemes can be found in the Table 1 . The PV generation remains same around 39 kWh for both cases. The DC microgrid buy the approximately 19 % lower power from the PU at the approximately 5.4 % lower electricity price with the automatic control scheme as compared to a manual control scheme. While the DC microgrid sales around 4.5 % higher power to the PU at the 2.23 % higher electricity price with the automatic control scheme as compared to the manual control scheme. The BB and HC received 11.21 % and 15.36 % profit in energy cost, when scheduled under the automatic control scheme as compared to the manual control scheme respectively. The automatic control scheme decreases the average cost of energy per kWh of the building electricity bill around 6.12 % as compared to the manual control scheme.
Conclusions
The performance of the proposed real-time electricity price based energy management (RTEPEM) system for the DC building with price based load and source scheduling has been tested. The algorithm schedules the energy sale and purchase of the hybrid car and battery bank, so that to improve their efficiency, reliability and to make the system economically strong. The public utility energy exchange band is smaller with automatic control as compared to the manual control scheme. The load scheduling algorithm schedules the building demand from peak to regular hours. The proposed scheme offers significant financial benefits to building consumer and battery bank and hybrid car. Additionally, the system flexibility as well as peak demand reductions is also observed, which can aid the system in integrating additional intermittent renewable energy sources like photovoltaic.
